Currently, there is a great interest in the use of minimally invasive surgery methods. Such surgeries require special instrumentation. Doctors increasingly use medical robots that replace assistants responsible for setting the position and orientation of the endoscope (vision), as well as make it possible to control surgical instruments. One of very promising fields of expansion of this technology is veterinary medicine. This article presents a review of literature on animal laparoscopic surgery with the use of medical robots. Particular attention was paid to animal experiments involving the Robin Heart family robots. Moreover, the article presents the construction and principle of operation of the smallest manipulator of the Robin Heart family, as well as describes preliminary simulations of surgery with the use of this robot. In the conclusion, possible directions for further improvement and implementation of the Robin Heart robot have been formulated.
The use of minimally invasive techniques, including laparoscopy, has become an alternative approach to the traditional laparotomy procedure used in the treatment of both humans and animals (4, 17) . Laparoscopy has brought about significant changes in the world of surgery. Most important, it has eliminated the need for the large incision, which was once the only way to make the surgery field visible and accessible for a given procedure. The laparoscopic technique uses one (SILS surgery) or a few small incisions, through which surgical and optical instruments are inserted with the use of sealing ports (trocars). The introduction of the laparoscopic technique required the application of new tools (tools with long holding sections) as well as operating field visualization systems. During a surgery, the surgeon sees inside the patient via a screen, and the movements of the tool's end effector mirror the movements of the surgeon's hands. Additionally, in order to enlarge the operation field, gas is insufflated into the patient during the procedure, producing a pneumoperitoneum (6) . With advantages, such as a shorter recovery time, reduced pain, excellent visualization of the abdominal cavity, and the possibility of being used not only in large animals (small-diameter tools), the laparoscopic technique is becoming increasingly popular in veterinary medicine, as well (3, 5) . Continuous progress in medical technology stimulates the demand for highly specialized tools designed for a specific type of surgery. The increasing demand for high precision and the ever-growing possibilities of maneuvering the tools inside the patient's body have contributed to the introduction of robotic systems that support surgeons in the operating rooms. Robots equipped with laparoscopic tools have significantly shortened the duration of surgeries as well as improved their quality. The use of robots in veterinary surgery is in most cases limited to tests aimed at the clinical implementation of a given robot, tool, or procedure. Pigs have been the most commonly used animals in such experiments because of their anatomical features being similar to those of a human being. Pigs have provided a perfect cardiac surgery model necessary for comparative studies of laparoscopic and robotic surgery. Lomanto et al. (10) used the Zeus robot for cholecystectomy (a surgical removal of the gallbladder) in 7 pigs and, as their experience increased, they were able to reduce the time of surgery from 30 to 14 minutes. Zhu et al. (20) also tested a robot on pigs (Roux-en-Y). The operation with the use of the robot took longer than that with the use of traditional laparoscopic tools, but the efficiency of the surgery was satisfactory. Hollands et al. (7) also describe their short-term experiments with the use of the Zeus robot on pigs (enteroenterostomy -anastomosis between two parts of the small bowel; and choledochotomyremoval of the common bile duct). They conclude that sewing the bile duct with a robot has more advantages than sewing it with typical laparoscopic tools. Further experiments involving hepatectomy (liver resection) were conducted by J. Leroy (15) on 15 pigs and demonstrated the suitability of the Zeus robot for dissection and ligation of vessels in the liver. Margossian et al. (11) in their work describe a robot-assisted uterine horn anastomosis in a pig. Further experiments involving the Zeus robot were carried out in the field of pyeloplasty (renal pelvis surgery), nephrectomy (removal of the kidney), and adrenalectomy (removal of adrenal glands). Boehm et al. (1) report that in early robotic cardiac surgery examinations, a laboratory model with pigs' hearts was used (109 anastomoses of the coronary artery -LAD in total), followed by six experiments on dogs (the internal thoracic artery -"LIMA to LAD"). Ruurda et al. (16) examined the effectiveness of the da Vinci robot in circulatory anastomoses on 30 pigs, 20 of which were performed laparoscopically and 10, for comparison, by laparotomy. Laparoscopic surgery took longer, but the mechanical quality of the seams was good, as verified after 14 days. A significant advantage of using robots in the operating room is the ability to perform surgeries at a distance (remote surgery). In this manner, the procedure was performed with the da Vinci robot on 4 pigs. The surgeon and the patients were separated by distances of 1,300 and 2,400 miles. The signal delay (the decisive factor in determining whether a teleoperation can be performed) was 450-900 ms, which was short enough for such an operation to be possible (19) . Bowersox and his team tested robots for invasive cardiology in six experiments on pigs, using a robot called CardioArm.
Epicardial ablation was performed on a beating pig heart with substernal access (the xiphoid process of the sternum) (2). In 2015, an Italian medical team led by Giuliano Ravasio performed the world's first adrenal tumour surgery on an eight-year-old lion with the use of a robot. Thanks to the use the Telelap ALF-X robot and the laparoscopic technique, the lion was able to walk within 3 hours of the operation, and after 24 hours it was back home (http://totallycoolpix.com/ magazine/2015/05/robot-performs-surgery-on-a-lion, 15 September 2016). In Poland, a team led by Zbigniew Nawrat performed the first experiments on animals (pigs), a gallbladder surgery, valve surgery (mitral), and coronary artery bypass grafting, at the Centre for Experimental Medicine, Medical University of Silesia in Katowice (Fig. 1) (14) . All these procedures confirm the feasibility and validity of using robotic systems in operating rooms.
Robin Heart "Pelikan" Project Robots in the operating room can perform a specific medical procedure or "assist" the surgeon during a surgery, for example by holding the laparoscopic camera. Replacement of a person holding the laparoscope with an automated system (a robot) reduces the cost of treatment as well as significantly increases the availability of the necessary staff, especially in emergency situations (8, 14) . To meet the expectations of veterinary physicians, a team of researchers from the Cardiac Surgery Development Foundation and the Silesian University of Technology decided to assess the applicability of the Robin Heart "Pelikan" robot in veterinary procedures performed on animals. For the purpose of the project, a special support frame was made to mount the robot on a standard operating table and to pre-position it conveniently for the patient and the operating surgeon. The Robin Heart "Pelikan" is a vision tracking robot that has 4 degrees of freedom (DOF 4) enabling it to navigate the camera inside the abdominal cavity. DOF 1 and 2 make it possible to change the position of the robot (tilting front-back and left-right), while DOF 3 and 4 are responsible for rotating the camera and for pulling it forward and backward. This robot has a mechanical constant fixed position at the camera's entrance port on the patient's skin. Composite materials made it possible to minimize the weight of the robot (which is approx. 4 kg), permitting transportation in a small suitcase. With this solution, the robot can be transported to another clinic or operating room in a short time (9) . Steering the robot is done with a manipulator mounted directly on a traditional laparoscopic tool. The surgeon uses the index finger to exert pressure on a force sensor. This solution makes it possible to freely manipulate the robot without putting away the tools held in hand. Figure 2 shows the robot's degrees of freedom, the mounting system (the supporting frame) adjustment, and the steering system options (direction controller) (7, 13) .
By applying numerical methods, the manipulation space for a laparoscopic camera inside the CAD model of a dog was designated, thus identifying the field of view defined by the cone (Fig. 3) . The simulations performed made it possible to visualize the observed space and to formulate a preliminary plan of treatment. Setting the robot on the supporting frame in a way that would not limit the movements of the operating surgeon was one of the issues considered.
In surgery, robots are used to manipulate tools such as endoscopic optical instruments and/or endoscopic surgical instruments. The Robin Heart "Pelikan" project responds to the needs of the medical world for a lightweight, portable robotic device to control the position of an endoscopic camera. The task of designing a robot which, on the one hand, is precise enough, and on the other, easily transported and mounted in a standard operating room is primarily a technological and construction design challenge. As part of the Robin Heart surgical robot tests, a series of 3 experiments on animals (pigs) was carried out as well as a remote surgery (an anatomical model of a human with a pig heart) at the Centre for Experimental Medicine, Medical University of Silesia in Katowice. There have been a number of important tests of several models of Robin Heart robots, and the conclusions have been used to improve them before the planned implementation. Laboratory, technical and ergonomic tests have made it possible to verify and improve the Robin Heart telemanipulator. Successive versions of the Robin Heart robots, including Robin Heart "Pelikan", are currently in a testing phase aimed at preparing them for clinical trial implementation. It is expected that further work on the "Pelikan" robot will improve the prototype, leading to certification and clinical trials. Further efforts will focus on preparing the robot for production and clinical implementation.
